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Abstract: In this study, the mechanical model of the woven PVC-coated membrane materials has been built. 
By the FEM analysis, it was found out that when tensioned under uni-axial loads, the tensile modulus in the 
warp and fill direction of woven membrane materials could be predicted nicely, especially after the revision 
of the properties for the fiber materials. The effect of the tensile moduli of the fiber and the PVC coating 
materials on the modulus of the woven membrane fabrics has been discussed. It could be consulted that with 
the proper improvement of the modulus of the fiber materials in the fill direction, the discrepancy between 
the modulus of woven membrane materials in the warp and fill direction could be reduced to a certain extent. 
When it comes to the prediction of the modulus of the woven membrane materials under bi-axial loads, large 
difference could be noticed between the predicted results and the experimental results, especially in warp 
direction. This was due to the fact that the mechanical analysis model could only show the differences of the 
geometry configuration between the warp and fill directions. However, the reinforcement of membrane 
materials in warp direction during weaving and coating processes has been ignored.  
 
Keywords: FEM, membrane materials, coated fabrics, tensile modulus, uni-axial, bi-axial 
 
  
References: 
 
[1] Minami H. Deflection and tension properties of 
coated fabrics subjected to lateral pressure. In: 
Proc Proc of Conf Engineering Software. 
University of Southampton, September 1979;  
123-144. 
[2] Chen Y, Lloyd DW, Harlock SC. Mechanical 
characteristics of coated fabrics. J Textil Inst 1995; 
86: 690-700. 
[3] Hino Y, Ishii K. An evaluation method on the 
material nonlinearity in the analysis of membrane 
structures. In: Proc Membrane structures 
association of Japan 1994; 35-49. 
[4] Minami H, Yamamoto C, Segawa S, Kono Y. A 
method for membrane material nonlinear stress 
analysis using a multi-step linear approximation. 
In: Proc IASS Int Symp on Shell and Spatial 
Structures. Singapore 1997; 595-602. 
[5] Bridgens BN, Gosling PD, Birchall MJS. Tensile 
fabric structures: concepts, practice & 
developments. The Structural Engineer 2004; 82: 
21-27. 
[6] Bridgens BN, Gosling PD, Birchall MJS. 
Membrane material behavior: concepts, practice & 
developments. The Structural Engineer 2004; 82: 
28-33. 
[7] Menges G, Meffert B. Mechanical behaviour of 
PVC-coated polyester fabrics under biaxial stress. 
Kunststoffe 1976; 66: 741-745. 
[8] Stubbs N, Fluss H. A space-truss model for plain-
weave coated fabrics. Appl Math Model 1980; 4: 
51-58. 
[9] Schock HJ. On The Structural behavior and 
material characteristics of PTFE-coated glass-fiber 
fabric. J Ind Textil 1991; 20: 277-288. 
[10] Kato S, Yoshino T, Minami H. Formulation of 
constitutive equations for fabric membranes based 
on the concept of fabric lattice model. Eng Struct 
1999; 21: 691-708. 
The FEM-prediction On Tensile Performance Of Woven Membrane Materials Under Uni- and Bi-axial Loads 
Shou-Hui Chen et al. 
 
JFBI Vol. 3 No.4 2011   doi:10.3993/jfbi03201109 
 
[11] Pargana JB. Realistic modeling of tension fabric 
structures. Doctor. London. Imperial College 2004.  
[12] Chen SH, Ding X, Yi HL. On the anisotropic 
tensile behaviors of flexible polyvinyl chloride-
coated fabrics. Textil Res J  2007; 77: 369-374. 
[13] Chen SH, Ding X, Fangueiro R, Yi HL, Ni J. 
Tensile behavior of PVC-coated woven membrane 
materials under uni-and bi-axial loads. J Appl 
Polymer Sci 2008; 107: 2038-2044. 
[14] Luo GJ, Ding X, Chen SH, Hu C. Effects of fabric 
extension during coating on the tensile 
performance of membrane material. J Textil Res 
2007; 28: 47-51. (in chinese).  
 
